The purpose of the present study was to compare the activity of these three compounds in vitro on clinical isolates of Trichomonas vaginalis.
Material and methods
Over a period of 20 months (1971/1972) , 63 consecutive strains of T. vaginalis were examined. All strains were recovered from unselected women referred to two gynaecological clinics in Copenhagen City (at Bispebjerg Hospital and St. Joseph's Hospital) because of persistent vaginal discharge and other symptoms and signs of vaginitis; they were, however, not necessarily treatmentrefractory cases. The diagnosis was confirmed at gynaecological examination.
The secretion was collected from the posterior fornix of the vagina by means of charcoal-impregnated cotton-wool swabs. They were stabbed into screw-capped tubes containing culture medium. The swabs were then removed again, and the tightly-closed tubes were taken to the laboratory within 2 hrs in a container kept at 35 to 400C.
The tubes were incubated at 35°C. after a drop of the contents had been transferred to a slide and examined by phase-contrast microscopy.
Various culture media have been advocated for T. vaginalis (Taylor and Baker, 1968) . Satisfactory results at the Danish State Serum Institute made us choose the medium of Diamond (1957) which supports many organisms per ml. (Capet, 1968; Howes, Lynch, and Kivlin, 1969; Christow, 1971; Nielsen, 1973) .
To determine the minimal trichomonistatic and trichomonicidal concentrations (MIC and MCC) of metronidazole, tinidazole, and nifuratel, a standard 2-fold serial dilution test in Diamond's medium was employed, covering a range from 0-06 to 7-5 jg./ml.
The pre-warmed tubes containing the particular antitrichomonal agent and the control tube without agent were inoculated with a 48 hrs' culture. For the first successive nineteen strains 0-1 to 0-2 ml. were used, and for the next 44 strains 2-0 ml. To determine the inoculum size, 48 hrs' cultures of three different trichomonal strains were counted in Burger-Turk's counting chamber. The counts ranged from 9-6 to 10-4 x 104 per ml. Glahn (1973) .
Under influence of low (inhibitory) concentrations of a chemotherapeutic agent, the cell motility is reduced during the inital growth phase. On the second day some of the cells die; the microscopic field presents a mixture of motile and nonmotile cells, some of them round, and a few ghost cells. Most of the less sensitive trichomonads survives and produce delayed logarithmic growth density on the fifth day. Hereafter the growth curve slowly falls, ending in complete cell death and lysis around the tenth day. This retarded growth has also been described by 0degaard (1962) .
In presence of high (cidal) concentrations of an antiprotozoal agent, the growth curve is low and brief. The initial growth is accompanied by cell immobilization on the first day; the picture is characterized by a decreased number of organisms, mostly non-motile and lysed cells. Already on the second day almost all cells are dead; at this stage a few immobilized and partly lysed cells remain in the otherwise empty microscopic field. On the third day complete lysis of the culture occurs.
Daily subcultures from the sensitivity test tubes, read after 1 to 3 days' incubation, confirmed that the round immobile cells seen under the microscope were dead. When a mixture of motile and non-motile trichomonads are observed at lower drug concentrations, some survive. Accordingly, the drug concentration needed for complete immobilization almost equals the minimal trichomonicidal concentration-as noted by 0degaard (1962) .
The reproducibility attained was satisfactory. Some of the strains have been kept for up to 3 months in the laboratory by transfers every third day. In eight repeated sensitivity tests on different days the same activity was measured.
The results of the sensitivity studies are recorded in Table III Nielsen, 1969) be detected between the potencies of the three drugs, at either static or cidal levels. The static concentrations for the drugs ranged from 0 09 to 0-14 ,ug./ml. with the small inoculum (about 104), and from 0 99 to 1 08 with the large inoculum (about 105). The cidal concentrations ranged from 0-52 to 0-71 l.g./ml. with the small inoculum, and from 2-79 to 3-96 with the large inoculum. Thus, a five to ten times higher concentration is necessary for inhibiting or killing a ten times larger inoculum. The ratio between the geometric means are slightly higher for MIC than for MCC.
When the tubes were examined after 24 hrs (instead of 48 hrs) the growth was often too sparse for estimation and comparison; this was also noted by Capet (1968) .
We observed that the growth of T. vaginalis is influenced by the solvent dimethylformamide used for diluting nifuratel; this had not been considered by other investigators (Cavallo, 1963; Scuri and Failla, 1964) . In serial dilution tests 0-25 per cent. formamide delays the multiplication, and a slightly higher concentration causes immobilization of part of the cell population. This antitrichomonal activity will certainly influence the results of tests employing higher contents of solvent.
Discussion
Some clinicians maintain that they have observed an increase in treatment failures with metronidazole, alleging that this may be due to the emergence of metronidazole-resistant strains of T. vaginalis in the community. We find no general support in the literature for this assumption. No overall decrease in the therapeutic efficacy of metronidazole has been observed (Keighley, 1971) , and no resistant strains have been isolated in cases that did not respond to treatment (McFadzean, Pugh, Squires, and Whelan, 1969) . The authors who suggest that resistant strains may have appeared (Arnold, 1966 Scuri and Failla (1964) and Benazet, Lacroix, Godard, Guillaume, and Leroy (1970) . The former found MICs ten times smaller than we did, but the latter found MICs ten times greater than our mean. Neither study states the number of strains examined or the size of the inoculum so that the findings cannot be adequately evaluated. A recent study from England (Paredes and Hawkins, 1973) reported results similar to ours.
The correlation between the sensitivity of T. vaginalis in vitro and the clinical response to chemotherapy is probably determined by the levels attained in the tissues of the vaginal wall rather than by the levels in the discharge. Metronidazole is present in only very small amounts in vaginal secretions (Paredes and Hawkins, 1973) . So far as we know assays of tissue concentrations have not been made, but some data on serum levels are available, although conflicting. Kane, McFadzean, Squires, King, and Nicol (1961) found peak serum levels of 3 to 6 ,ug./ml. 1 to 2 hrs after the injection of metronidazole 200mg. three times daily for 7 days, whereas Csonka (1971) recorded levels varying between 0 5 and 46 ,ug./ml. (mean 16 ,ug./ml.). Nitroimidazole concentrations in human plasma during a course of 250 mg. metronidazole or tinidazole three times daily reached 7 to 13 ,ug./ml. (Taylor, Migliardi, and von Wittenau, 1969) . After a single dose of 2 g. metronidazole achieved higher peak concentrations (mean 81 t±g./ml.) than tinidazole (67 ,tg./ml.). However, the longer serum half-life of tinidazole (12-5 hrs) than of metronidazole (7 3 hrs) led to equal areas-underthe-curve (Wood and Monro, 1975) .
No data on the concentrations in humans are available for nifuratel. Rats fed 50 mg./kg. (Scuri and Failla, 1964) showed peak levels of 2 to 3 ,ug./ml. in plasma after 30 min., 3 to 4 ,ug./ml. in genital tissue after 2 hrs, and 30 to 50 ,tg./ml. in urine. Since the normal single dose to man is 3 mg./kg., one would assume that active levels in tissues and secretions are not attained. The manufacturers also state that at lower doses the presence of nifuratel in plasma can not be ascertained by biological tests. Neither human nor animal urine reveal any antitrichomonal activity. Therefore, topical nifuratel application seems essential for its clinical effect.
The results of nifuratel therapy in experimental infections in animals are inconsistent. Scuri and Failla (1964) found that oral nifuratel was active against mouse trichomoniasis, whereas Benazet and others (1970) (Benazet and others, 1970) . The corresponding activity of metronidazole and tinidazole against T. foetus peritonitis (Howes and others, 1969) and orchitis (Tsai and Price, 1973) in mice were about 50 and 10 mg./kg./day respectively. These experiments show that tinidazole is two to five times more active than metronidazole in vivo. Howes and others (1969) stated that tinidazole was more potent in vitro (Table IV) , and exhibited a more rapid killing effect (it takes metronidazole 48 hrs to produce the same reduction rate as that produced by tinidazole in 8 hrs). This rather slow effect of metronidazole was also demonstrated by 0degaard (1962) ; its maximum effect was first reached after more than 2 days for up to 4 days.
Conclusion
The examination of 63 strains of T. vaginalis isolated in the years 1971 to 1972 has shown that drugresistant organisms were not present in an unselected group of women suffering from vaginitis. A few strains with the designation 'decreased sensitivity' to metronidazole were isolated from Danish patients in whom treatment had failed (Nielsen, 1973) , but the overall susceptibility of these strains did not differ from the normal distribution found by us and by others in a series of patients with T. vaginalis (0degaard, 1962; Schropl and Rockl, 1963) . In view of these findings we are inclined to rule out in vitro resistance to metronidazole (or tinidazole) as the cause of the therapeutic failures which may be encountered. The causes are more likely to be re-infection, poor intestinal absorption (Kane and others, 1961) , or destruction of the drugs (Nicol, Evans, McFadzean, and Squires, 1966b) 
